About 3196 EA-type binaries (EAs) were observed by LAMOST by June 16, 2017 and their spectral types were derived. Meanwhile stellar atmospheric parameters of 2020 EAs were determined. In the paper, those EAs are catalogued and their physical properties and evolutionary states are investigated. The period distribution of EAs suggests that the period limit of tidal locking for the close binaries is about 6 days. It is found that the metallicity of EAs is higher than that of EWs indicating that EAs are generally younger than EWs and they are the progenitors of EWs. The metallicities of long-period EWs (0.4 < P < 1 days) are the same as those of EAs with the same periods, while their values of Log (g) are usually smaller than those of EAs. These support the evolutionary process that EAs evolve into long-period EWs through the combination of angular momentum loss (AML) via magnetic braking and case A mass transfer. For short-period EWs, their metallicities are lower than those of EAs, while their gravitational accelerations are higher. These reveal that they may be formed from cool shortperiod EAs through AML via magnetic braking with little mass transfer. For some EWs with high metallicities, they may be contaminated by material from the evolution of unseen neutron stars and black holes or they have third bodies that may help them to form rapidly through a short timescale of pre-contact evolution. The present investigation suggests that the modern EW populations may be formed through the combination of aforementioned mechanisms.
Introduction
Eclipsing binaries are very important source in astrophysics because their parameters could be determined reliably based on the photometric light curves and radial velocity curves. In the general catalogue of variable stars (GCVS), according to the shapes of light curves, they are classified in three groups, i.e., EA-, EB-and EW-types (EB= β-Lyrae type and EW=Ursae-Majoris type, Samus et al. 2017) . EA-type eclipsing systems (EAs) are close binaries with spherical or slightly ellipsoidal stellar components. It is possible to specify the moments of the beginning and the end of the eclipses on their light curves. The properties indicate that both components are not in contact with each other. Out of the eclipses, the light remains almost constant or varies insignificantly that is caused by reflection effects and slight ellipsoidality of binary components, or physical variations. Light amplitudes are also quite different and may reach several magnitudes indicating that there is a large temperature difference between both components (e.g., Samus et al. 2017 ). The prototype of EA systems is Algol (β Per) that is a semi-detached binary. However, many eclipsing binaries with EAtype light curves have turned out to be detached systems. Therefor, EAs listed GCVS are usually detached binary systems and also include classical Algols.
A large number of EAs were discovered by a few big photometric surveys in the world, such as Catalina Sky Survey (CSS, Drake et al. 2009 Drake et al. , 2014 , the asteroid survey LINEAR (Palaversa et al. 2013 ), All Sky Automated Survey (ASAS, Pojmanski 1997 , Pojmanski et al. 2005 and Northern sky variability survey (NSVS, Wozniak et al. 2004) . Other wide-field surveys which have identified EAs are Kepler space telescopes (Borucki et al. 2010) , the K2 mission (Howell et al. 2014) , the HATNet survey (Bakos et al. 2004) , SuperWASP (Pollacco et al. 2006) , and the KELT survey (Pepper et al. 2012) . 20489 EAs were listed in the international variable star index (VSX) that is to bring all of that new information together in a single data repository and provides the tools necessary for the controlled and secure revising of the data (e.g., Watson 2006) . However, most of them have not been observed spectroscopically and their spectroscopic properties are unknown because of the lack of big spectroscopic surveys.
To understand the formation and evolution of EW-type contact binaries, some investigators have considered the evolutionary connection between EAs and EWs (e.g., Guinan & Bradstreet 1988; Bradstreet & Guinan 1994; Bilir et al. 2005; Gazeas & Niarchos 2006; Eker et al. 2006 Eker et al. , 2008 Yildiz 2014) . The decaying rotation rate for stars with spectral types later than F was detected by Skumanich (1972) that is explained as angular momentum loss (AML) through magnetically driven stellar winds, i.e., the magnetic braking (e.g., Kraft 1967) . When the late-type stars as a component in a short-period close binary, the strong tidal interaction drives the orbital angular momentum to supply the AML. Therefore, the AML from the cool components in the tidally locked binaries causes the orbit to shrink and then spins up the components by synchronization. In this way, the initially short-period detached EAs are evolving into EWs (e.g., Huang 1966; Guinan & Bradstreet 1988; Maceroni & vant Veer 1991; Demircan et al. 2006) .
During the aforementioned evolutionary process, both the orbital shrinkage due to AML and the component expands via nuclear reaction in their cores could cause the more massive component to fill the critical Roche lobe and transfer mass to its companion. Therefore, the evolution of EAs and the formation of EWs should be a combination of AML and mass transfer. For short-period cool EWs such as BI Vul and CSTAR038663, they may been formed by AML with little mass transfer (e.g., Qian et al. 2013a Qian et al. , 2014 . By analyzing stellar atmospheric parameters of 5363 EWs, Qian et al. (2017a) found that the physical properties and evolutionary states of EWs are mainly depending on their orbital periods. Field EWs were divided into several groups by Bilir et al. (2005) based on their orbital period. It is possible that the formation scenarios for different groups of EW are quite different. The kinematical ages of shorter-period less-massive systems are longer than their long-period cousins. This is in agreement with the conclusion derived by Qian et al. (2017a) who found that short-period EWs usually have lower metallicities than those of their long-period cousins indicating that they may be older and have a longer timescale of pre-contact evolution. Their formation and evolution are mainly driven by angular momentum loss via magnetic braking. Moreover, EWs have the lowest angular momentum and the shortest orbital period among main-sequence binaries, third bodies may play an important role for their formation and evolution by removing angular momentum during early dynamical interaction and/or later evolution (e.g., Qian et al. 2014; Zhu et al. 2013a ). These results may indicate that the formation of EWs are complex and debates on the formation mechanisms for EWs continue (e.g., Eker et al. 2008) . A detailed investigation on LAMOST spectroscopic data of EAs and a comparison of their physical properties with those of EWs are required.
Among the 25364 EAs listed in VSX by July 16, 2017, about 3196 systems (about 12.6%) were observed by LAMOST survey from October 24, 2011 to June 16, 2017. The LAMOST is a large sky area multi-object fiber spectroscopic telescope (also called as Guo Shou Jing telescope). It is a special telescope that could obtain the spectra of about 4000 objects simultaneously in an exposure (Wang et al. 1996; Cui et al. 2012) . The spectral resolution is about 1800. Huge amounts of spectroscopic data were obtained (e.g., Zhao et al. 2012 , Luo et al. 2012 including close binaries and pulsating stars (e.g., Qian et al. 2017a, b) . We catalogued LAMOST observations for 7938 EW-type eclipsing binaries (EWs) and investigate their statistical properties and evolutionary states (Qian et al. 2017a) . In the paper, we catalogue the LAMOST data of the 3196 EAs and present their spectroscopic properties. The period distribution for the observed EAs by LAMOST is shown in Fig. 1 as solid dots where 66 EAs without orbital periods are not displayed. Also shown in the figure is the period distribution of all EAs in VSX (open circles). The spectral types and the stellar atmospheric parameters for those EAs observed by LAMOST survey are catalogued firstly. Then, the distributions of those atmospheric parameters and some statistical correlations are given. Finally, by comparing the distributions and relations of the observed EAs with those of EWs, the physical properties and evolutionary states of EA binaries are discussed.
Catalogue of EAs observed by LAMOST
About 3196 EAs shown in the VSX catalogue were observed by LAMOST in the time interval between October 24, 2011 and June 16, 2017. When the spectra have higher signal to noise, the stellar atmospheric parameters, i.e, the effective temperature T , the gravitational acceleration Log g, the metallicity [Fe/H] and the radial velocity V r were determined. The SNR cutoff is 6 in the g-band from dark nights (eight nights before and after the new moon) observations or 20 from bright nights (neither close to new nor full moon), for those greater SNRs the parameters (e.g., T, Log g and [Fe/H]) were determined. Among the EAs listed in VSX, the stellar atmospheric parameters of 2020 systems were automatically derived by the LAMOST stellar parameter pipeline (e.g., Wu et al. 2011b Wu et al. , 2014 Luo et al. 2015) . As in the cases of EWs (Qian et al. 2017) , those stellar atmospheric parameters were determined based on the Universite de Lyon spectroscopic analysis software (ULySS) (e.g., Koleva et al. 2009 , Wu et al. 2011a ). However, binary systems contain (at least) two component stars (the primary and the secondary) with two different temperatures (as well as Log g and [Fe/H)). The pipeline measures their spectra as a single stars, so only one set of parameters were obtained for the primary components. Does the measured single temperature can represent the primary temperature generally, and what is the typical difference between them? Liu et al. (2017) did an experiment to answer that question. They combined two single stars spectra together, and measure the combined spectra as they are single stars with the same pipeline. The binary spectra are found very subtle difference with single stars. The deviations on temperatures between the primary stars and the single measured values are mostly less than 200 K, but for metal rich stars the deviations will reach to 200-500 K. such as metallicity, mass ratio, and temperature difference, etc. For binaries with large temperature differences, small mass ratios, or low metallicities, the systematic biases are usually small. When the temperature differences are around 250 K, the systematic biases reach their maxima which are coarsely ∼ 200 K for T, ∼ 0.15 for Log g and [Fe/H]. However, when the temperature differences are larger than 1000 K, the systematic biases will be less than half of the above values. The mass ratios mainly affect the temperature biases, making T deviations from 200 K to 50 K when the mass ratio changes from 1 to 0. During the LAMOST survey, 62 EAs were observed four times or more and their atmospheric parameters were averaged. Both the mean values and the corresponding standard errors are listed in Table 1 . The star name, the orbital period and the observational times are listed in the columns 1-3 of the table. The averaged parameters and their standard errors are listed in the rest columns. As shown in the table, apart from six EAs, the standard errors of the effective temperature for the rest targets are lower than 100 K. The standard errors of the gravitational acceleration Log g for most EAs are lower than 0.1 dex. Apart from four EAs, the standard errors of the metallicity for the rest EAs are lower than 0.1 dex.
Among the 3196 EAs, some of them have been observed by previous investigators. To check the reliability of the spectral data observed by LAMOST, it is good to compare the spectral types observed by both LAMOST and previous authors. We have collected spectral types of 51 EAs and are shown in Fig. 2 . Most of the spectral types are from the GCVS (e.g., Samus et al. 2017) . The spectral types of CV Boo, CO And, KU Aur, DU Leo and EH Peg were determined by Popper (1996) . For the rest targets, UV Leo, VZ CVn, HS Aur, FL Lyr, RX Gem and UX Boo, the spectral types were published by Popper (1997 Popper ( , 1988 , Popper et al. (1986) and Samus' et al. (2017) , respectively. For comparison, the spectral types of 21 EWs are displayed in the figure as green dots. More than 100 EWs were observed spectroscopically by using the 1.88-m telescope at the David Dunlap Observatory (DDO) of the University of Toronto. Among those EWs, eighteen were also observed by the LAMOST. They are AQ Psc, UV Lyn , UZ Leo, AH Aur, XZ Leo , AO Cam, UX Eri, CN And (Rucinski et al. 2000) , FI Boo (Lu et al. 2001) , ET Leo (Rucinski et al. 2002) , QW Gem (Rucinski et al. 2003) , TX Cnc , XY Leo, AM Leo, CC Com (Pribulla et al. 2007 ), PY Vir ), AU Ser and QX And (Pribulla et al. 2009a) . Also shown in the figure are four other EWs AL Oph (Bond & Tifft 1974) , AW UMa , DN Boo (Senavci et al., 2008) and TY UMa (Li et al., 2015) . As displayed in Fig. 2 , 16 EAs agree within 1 subclass, while 44 ones agree within 3 subclasses. The rest 7 EAs are not consistent within 3 subclasses. Among the 21 EWs, 14 of them agree within 3 subclasses. 7 EWs show slightly large differences that may be caused by the influences of rapidly rotating and highly deformed component stars in a common envelope.
We catalogue 2956 groups of observations for the 2020 EAs in the order of their coordinates. In the catalogue, the binary names, their right ascensions (RA) and declinations (DEC), types of light variation and orbital periods are from the VSX catalogue. Column 6 includes the distances (in arcsec) between the two positions determined by the coordinates given in VSX and by LAMOST. They are used to identify those EAs from the LAMOST samples based on the criterion Dist< 2 arcsecs. Those shown in the 7th and 8th columns are the observing dates and the spectral types. The rest eight columns list the stellar atmospheric parameters, T , Log g, [Fe/H] and V r for the 2020 EAs and their corresponding errors E 1 , E 2 , E 3 and E 4 respectively. As we have done for EWs (Qian et al. 2017a) , some EAs were observed twice or more times on different dates and we show all of the parameters. The first 50 observations are shown in Table 2 , while the whole catalogue for EAs is available from the electronic version. Fig. 3 shows the relative distribution of the orbital period (the percentage of the number to the whole sample) for the 2020 EAs where the orbital periods are taken from VSX. The relative period distribution of all EAs listed in VSX is also shown in the same figure. As we can see that both of the two distributions are nearly overlapping. In order to examine mathematically whether the periods of EAs shorter than eight days from VSX and observed by LAMOST are drawn from the same distribution, we performed three independent statistic tests which are Kolmogorov-Smirnov test, the Kruskal-Wallis H-Test, and the nonparametric Rank-Sum Test. The results show that their probabilities are 0.17, 1.00 and 0.31 which are all greater than the 0.05 significance level, indicating the VSX and LAMOST samples have the same mean of distribution. These results indicate that there are no selected effective for those 2020 EAs and they could be used to represent the physical properties of the whole EAs in the total VSX catalogue. The peak of the period distribution is near 0.7 days (the dashed lines in Figs. 1 and 2 ). Just like the cases of EWs, for some EA spectra, their signals to noise are not high enough to determine the stellar atmospheric parameters and only their spectral types were given. The spectral types of those EAs are also catalogued and those listed in Table 3 are the first 50 spectral types in the catalogue. The catalogue shows 2160 spectral types and the whole catalogue is available from the electronic version. The descriptions of the columns are the same as those in Table 2 . 
Distributions of stellar atmospheric parameters for EAs
To analyze the distributions of the effective temperature T , the gravitational acceleration Log g and the metallicity [Fe/H], when the EA samples were observed two times or more, we average those stellar atmospheric parameters and use the mean values. For each observation, the weight is the inverse square of the original error. As for the radial velocity V r , we do not average them and use the individuals because they are varying with time. The temperature distribution is shown in Fig. 4 . For comparison, the temperature distribution of EWs is also displayed in the same figure. The distribution peak for EAs is near 6050 K, while there are two peaks near 5660 K and 6960 K for EWs that have been pointed out by Qian et al. (2017a) . The main peak of EWs reveals that most cool EWs have temperatures lower than those of EAs indicating that they may have a long lifetime in contact stage. The second small peak of EWs shows that there is a group of hotter EWs whose temperatures are higher than most those of EAs. They may be formed from EAs via mass transfer.
The distribution of the gravitational acceleration Log g for EAs is plotted in Fig. 5 as solid dots. Also displayed in the same figure as open circles are the distribution of EWs. It is shown that the peaks of the two distributions are near 4.16. This reveals that both the samples of EAs and EWs are main-sequence binaries according to the fundamental parameters listed in Table VII of the paper published by Straizys & Kuriliene (1981) . If EAs evolve into EWs through the mass transfer from the primary to the secondary, the mass transfer should be occurred during the main-sequence stage. On the other hand, the distributions may suggest that EWs may be formed from original cool main-sequence shortperiod EAs via angular momentum loss. These are consistent with the assumption that EWs are evolved from EAs through angular momentum loss via magnetic braking and/or Case A mass transfer (e.g., Bradstreet & Guinan 1994; Qian et al. 2013a Qian et al. , 2017 .
The EA metallicity ([Fe/H]) distribution is shown in Fig. 6 . The EW distribution is also shown in the same figure. As we can see that the peak for EA-type binaries is near -0.15, while the [Fe/H] peak for EW is near -0.24. Since stellar metallicities are weakly correlated with their ages for stars in the Galaxy (e.g., Reid et al. 2007; Feltzing & Bensby 2009 ), the lower metallicities of some EWs may reveal that they are usually older than EAs. The stellar atmospheric parameters of ten EAs with the highest metallicities are shown in Table  4 . However, the mean and the peaks of the EW and EA metallicity distributions look to be consistent within the error of the mean. Table 5 . These EAs may be observed by LAMOST near the maxima of the radial velocity curves.
Analysis of Binary Property Correlations
The relation between the orbital period and the effective temperature T for EAs with orbital period shorter than 2 days is shown in Fig. 8 . For comparison, EWs are also displayed in the figure as blue dots. The red solid line refers to the peak of the period distribution for EAs, while the red dashed one to the period peak for EWs. As displayed in the figure, there is a tight correlation between the orbital period and the effective temperature for shortperiod EWs (e.g., Qian et al. 2017a ). However, the effective temperature of EAs is not correlated with the orbital period and the distribution of the samples is uniformed. These are expected results because EWs are usually contact systems where both components are sharing a common envelope, while the components in EAs are not in contact with each other. For hotter EWs with temperature larger 6500 K, their orbital periods extend to 1 day (the solid magenta line) or longer. A small number of EWs have longer periods when compared with their temperatures indicating that the component stars have been evolved from main sequence and may be subgiants or giants. Fig. 9 displays the relation between the orbital period and the metallicity [Fe/H] where green dots refer to EAs and blue ones to EWs. It is shown that the positions of some longperiod EWs are overlapping with those of EAs. The metallicities of some short-period EWs are lower than those of EAs indicating that they are old targets. These EWs may have a long-term pre-contact evolution. For some EWs and EAs, they are metal rich. Their high metallicities may be caused by the contamination of material from the evolution of an unseen degenerate object, i.e., neutron stars or black holes (e.g., Qian et al. 2008 Qian et al. , 2017a . Previous work has shown that EWs usually contain additional bodies (e.g., . The other possibility is that they may be young systems. The presence of third bodies may shorten their pre-contact evolution and may help the formation of those young EWs (e.g., Qian et al. 2006 Qian et al. , 2007 Qian et al. , 2013b Zhu et al. 2013a, b) . periods shorter than 2 days is shown in Fig. 10 . As those plotted in Figs. 8 and 9 , the dashed lines represent the peak values of the period distributions for EAs and EWs. For EWs, the gravitational acceleration is weakly correlated with the orbital period, while no such correlations exist for EAs. As we can see in Fig. 10 , for some longer-period EWs (e.g., P > 0.4 days), their values of Log g are usually smaller than those of the EAs with the same periods. This indicates that the long-period EWs are more evolved than those EAs who are progenitors of those EWs. The evolutions of both components in EAs will cause their expanding and after the primary is filling the critical Roche lobe the material will transfer from the primary to the secondary. At the same time, the orbital period is decreasing if mass and angular momentum ar e conservative and the Roche lobes will be shrinking. When both components are filling the critical Roche lobes and sharing a common envelope, an EW-type contact system is formed (e.g., Qian 2002 Qian , 2003 . However, for some short-period EWs, their values of Log g are usually larger than those of the EAs indicating that their component stars have not evolved nearly. These systems may be formed from cool short-period EAs with little mass transfer. Angular momentum loss through magnetic braking may play a more important role for their formations (e.g., Qian et al. 2013a Qian et al. , 2014 .
Discussions and conclusions
EA-type eclipsing binaries are an important source to determine stellar parameter such as component masses, radii and temperatures etc. They provide a good chance to investigate several astrophysical processes (e.g. binary interacting, mass transfer and magnetic braking etc.) and most importantly they are also the progenitors of EW-type contact binary stars. A huge number of EAs were discovered by several large photometric surveys in the world (e.g., CSS, the asteroid survey LINEAR, ASAS and NSVS). In VSX catalogue, 25364 EAs are listed by July 16, 2017 and about 12.6% of them (about 3196 EAs) were surveyed by LAMOST from October 24, 2011 to June 16, 2017. Those observed EAs are catalogued and their spectral types are shown. For about 2020 EAs, their stellar atmospheric parameters are also presented. Those effective temperatures as well as the spectral types could be used during solving their light curves. The stellar atmospheric parameters provide us valuable information on their properties and evolutionary states.
The stellar atmospheric parameters of 352 stars were determined based on high-resolution optical spectra by Frasca et al. (2016) who collected those highresolution data from the literature. The recently released LAMOST data (DR4 and the first three quarters of DR5) have been compared by Qian et al. (2017b) with those derived by Frasca et al. (2016) . It is shown that the standard devi- The period distributions for both EAs and EWs shown in VSX are plotted in Fig. 11 . It is displayed that the peak of the period distribution for EAs is around 0.7 days, while the peak for EWs is near 0.29 days. Both of the two peaks are shorter than those given by previous investigators (e.g., Paczyński 2006) based on the data from ASAS survey. As pointed out by Qian et al. (2017a) , the difference may be caused by the reason that ASAS is dedicated to the detection of the variability of bright stars, while many faint eclipsing binaries were discovered by recent deep photometric surveys (e.g., Drake et al. 2009 Drake et al. , 2014 . As shown in Fig. 11 , when the orbital period is shorter than 6 days, the number of EAs is increasing rapidly. This may indicate that the period limit to tidal locking for the shortperiod EAs is about 6 days. In those tidally locked EAs with later type components, the spin angular momentum loss from the components is provided by the reservoir of the orbital angular momentum through the spin-orbit coupling. This causes the orbit to shrink and the orbital period to decrease. In this way, the gradual accumulation of EAs results in the number to increase until the orbital period reach the peak 0.7 days. The number of EAs is decreasing when the orbital period is shorter than 0.5 days. As for EWs, when the orbital period is shorter than one day, the number is increasing gradually. Then the number of EWs is increasing rapidly after the orbital period is lower than 0.5 days. These could be explained as that EAs are evolving into EW through mass transfer during this stage.
The distributions of the effective temperature, the gravitational acceleration, the metallicity and the radial velocity for those EAs are presented. For comparison, the distributions for EWs are also displayed in those figures. The most interesting result is that the peak of the metallicity distribution for EA-type binaries is near -0.15, while the [Fe/H] peak for EW is near -0.24. The lower metallicities for EWs may suggest that they are usually older than EAs. This supports the assumption that the EAs will evolve into EWs through Case A mass transfer and/or AML via magnetic braking. It takes a long-term pre-contact evolution with timescales from a few hundred million to a few billion years. The relations between the effective temperature and the gravitational acceleration for EAs and EWs are shown in Fig.  12 . As we can see in the figure that most EAs and EWs are main-sequence stars and they overlap in the same region. These support the idea that EWs are formed through Case A mass transfer and/or AML. It is interesting to point out that the peaks of radial velocity distributions for both EAs and EWs are near V r = −20 Km/s. This may indicate that the V 0 for most EAs and EWs are close to −20 Km/s.
In the previous sections, we analyze the correlations between the orbital period and the effective temperature, the metallicity, and the gravitational acceleration for EAs and EWs. As displayed in Fig. 9 , the metallicities of some long-period EWs (0.4 < P < 1 days) are the same as those of EAs with the same orbital period. Fig. 10 shows that the values of Log g for some long-period EWs are usually smaller than those of the EAs with the same periods. All of the observational facts support the evolutionary process that the short-period EAs (P < 6 days) will evolve into EWs through the combination of angular momentum loss via magnetic braking and the case A mass transfer.
As shown in Figs. 9 and 10, for some short-period EWs, their metallicities are lower than those of EAs, while their gravitational acceleration are higher. They may be old population systems and their component stars have not evolved nearly. These systems may be formed from short-period EAs with late components through angular momentum loss via magnetic braking with little mass transfer. This kind of binary systems have a long timescale of precontact evolution. As displayed in Fig. 9 , some EWs have higher metallicities than those of EAs. They may be contaminated by the material from the evolution of unseen neutron stars and black holes in the systems. On the other hand, they may be really very young and have third bodies. Those third component stars help them to form contact configurations and shorten the timescale of pre-contact evolution.
By analyzing the kinematics of 129 field EWs, Bilir et al. (2005) divided EWs into several groups based on their orbital period. The shorter-period less-massive EWs are older than the longer-period more massive systems. Our results are in agreement with those conclusions. As displayed in Figs. 9 and 10, EWs could be divided into at least three groups. The first group are the long-period more massive EWs with the same metallicities but lower Log g as those of EAs with the same orbital period. They are formed from EAs mainly via Case-A mass transfer. The second group are short-period less-massive EWs that have lower metallicities and higher Log g. They are formed from short-period cool EAs mainly through AML via magnetic braking. The last group of EWs have higher metallicities that may be contaminated by the material from the evolution of compact objects or third bodies may play a main role for their formation. The present investigation indicates that the evolution of EAs and the formation of EWs are more complex than we thought. Those EWs are formed through the combination of several mechanisms. 
